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Most  of  us  would  Ilk*  to  livs,  work  and  exercise  in  e  pristine 
environment.  Sports  such  es  cross  country  running,  skiing,  orienteering 
end  kayaking  seem  to  be  associated  with  unpolluted  environmental 
conditions.  Unfortunately,  the  realities  of  modern  life  ere  very  often 
different  from  this  ideal.  Most  Americans  live  in  or  near  a  metropolitan 
ares.  These  cities,  with  their  attendant  Industry,  automotive  traffic 
end  higher  population  densities,  are  large  scale  pollution  sources.  It 
is  evident  that  living  in  a  city  can  routinely  bring  us  into  contact 
with  considerable  amounts  of  air  pollution. 

Air  pollution  is  not  strictly  an  urban  problem.  The  smog  generated 
by  agricultural  burning  end  mining  operations  can  generate  staggering 
amounts  of  pollution.  Natural  disasters  such  as  forest  fires,  dust 
storms  and  volcanic  eruptions  often  result  in  large  amounts  of  airborne 
contaminants. 

In  recent  history  there  have  been  a  auccession  of  air  pollution 
catastrophies.  A  good  example  of  this  is  the  1952  London  episode.  At 
that  time  in  London,  coal  and  coke  burning  provided  the  energy  for 
industry  and  home  heating.  England's  consumption  of  these  fuels  resulted 
in  4.7  million  tons  of  the  pollutant  sulfur  dioxideCSOg)  being 
discharged  into  the  air  over  southern  England  each  year (16).  In  the 
first  week  of  December  1952,  the  wsather  conditions  in  London  left  e 


thick  fog  trapped  beneath  a  thermal  inversion  layer.  The  air  waa Ion  For 
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coal  and  coke  built  up  in  the  atmosphere.  Visibility  was  so  drastically  catio 
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5  times  tha  OS  primary  national  average  air  quality  standard*.  Tha 
concantration  of  SO2  toppad  out  at  1.3  ppm. 

Twelve  hour*  aftar  tha  fog  aat  in  and  tha  a nog  began  concentrating, 
the  hospitals  in  London  began  admitting  extraordinarily  large  numbers  of 
patients  for  respiratory  problems.  Tha  symptoms  were  a  dry  cough,  aore 
throat,  naaal  discharge  and  sudden  bouts  of  vomiting.  Those  individuals 
with  a  previoua  hlatory  of  raspiratory  trouble  were  the  nost  seriously 
********************************************************************** 

Insert  Figure  1  here. 

affected.  Figure  1  shows  tha  relationship  between  the  increase  in 
atmospheric  SO2  and  the  death  rate.  The  British  Commit tee  on  Air 
Pollution  estimates  that  a  total  of  4000  extra  deaths,  over  the  normal 
number,  occurred  from  tha  second  of  December  to  the  ninth  of  December 
1952.  Unfortunately,  thle  episode  wss  not  an  isolated  case.  In  the 
winter  of  1956  another  smog  bank  covered  London,  resulting  in  over  1000 
excess  deaths  due  to  the  exposure  to  sulfur  dioxide  and  particulates. 

The  response  to  these  large  air  pollution  catastrophies  has  been  the 
development  of  atendards  for  allowable  levels  of  atmospheric  pollutants. 
In  the  United  States,  a  number  of  different  regional  and  national 
standards  have  been  developed.  Among  these  are  the  Pollutants  Standards 
Index  and  the  National  Average  Air  Quality  Standards. 

Environmental  conditions  lesdine  to  smog  build-uo 
Two  essential  factors  are  needed  for  a  smog  problem  to  develops  a 
source  of  pollution  and  an  environmental  trap.  The  pollution  source  can 
be  exhaust  from  a  vehicle  or  an  industrial  source  such  as  a  smelter  or 
the  dust  ejected  by  a  volcanic  eruption.  In  general  persistent,  chronic 


sources  srs  son  significant  in  thsir  offsets.  None  the  less*  it  is  herd 
to  ignore  the  impact  of  •  forest  fire  or  Me.  St.  Helens  erupting. 


Insert  Figure  2  here. 


An  example  of  e  terrain  trap  is  the  eras  around  Denver,  Colorado. 
Figure  2  shows  that  Denver  sits  at  the  bottom  of  a  large  basin,  forming 
an  ideal  collecting  trap  for  all  of  the  industrial  and  autoisotive 
pollutants  in  that  area. 

********************************************************************** 


Insert  Figure  3  here. 

********************************************************************** 
Thermal  inversion  conditions  often  provide  a  celling  that  bars  the 
escape  of  polluted  air  from  a  valley  or  basin.  In  normal  atnospherlc 
conditions  (Figure  3a)  the  air  over  the  earth  gets  colder  with 
Increasing  altitude.  Under  these  conditions,  the  pollutants  which  are 
relatively  warm,  rise  through  the  layers  of  dense,  cold  air.  Inversion 
conditions  (Figure  3b)  occur  when  a  layer  of  warm  air  is  Interposed 
between  layers  of  colder  air.  These  warm  layers  can  be  very  stable  and 
can  sometimes  persist  for  days.  The  inversion  layer  forms  a  roof  that 
traps  the  upward  movement  of  airborne  pollutants,  and  it  then  spreads 
horlsontally  beneath  this  inversion.  These  elements  of  a  pollution 
source  and  an  environmental  trap  are  common  to  almost  all  situations 
idiere  there  is  a  build-up  of  atmospheric  pollution. 

Pollutants  end  their  effects  on  performance 


Pollutants  can  be  divided  into  primary  and  secondary  pollutants. 
Primary  pollutants  are  those  that  exert  their  effects  as  they  come 
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directly  from  the  source .  Secondary  pollutants  aro  formed  by  tha 
interact ion  of  priaary  pollutants  with  each  other »  with  other  conpounds 
or  with  ultraviolet  light.  The  priaary  pollutants  aret  carbon  monoxide, 
sulfur  oxides,  nitrogen  oxides  and  priaary  particulates. 

Proa  the  standpoint  of  coaches  and  athletes,  carbon  aonoxide  is  the 
most  inport ant  of  the  priaary  pollutants.  The  principle  source  of  carbon 
aonoxide  is  automotive  exhaust.  Carbon  aonoxide  exerta  it’s  effect  by 
binding  to  and  blocking  the  oxygen  binding  sites  on  hemoglobin  in  the 
red  blood  cells.  Hemoglobin  has  an  affinity  for  carbon  aonoxide  that  is 
230  tiass  greater  than  it* a  affinity  for  oxygen.  This  high  affinity 
sasns  that,  once  the  carbon  aonoxide  is  bound  to  hemoglobin,  forming 
carboxyheaoglobln  (COHb),  it  is  very  difficult  to  detach  it  from  the 
hemoglobin  molecule (6).  By  blocking  oxygen  from  attaching  to  the  binding 
sites  on  hesoglobin,  the  ability  of  blood  to  carry  oxygen  is  reduced. 

Another  effect  of  carbon  aonoxide  binding  to  hemoglobin  is  that  it 
causes  the  remaining  binding  sites  on  that  particular  hemoglobin 
molecule  to  develop  a  higher  affinity  for  oxygen.  This  makes  it  more 
difficult  for  the  hemoglobin  to  release  its*  oxygen  at  the  tissues  that 
********************************************************************** 

Insert  Figure  4  here. 

********************************************************************** 
need  it.  Figure  4  demonstrates  ths  results  of  increased  COHb 
concentrations  in  the  blood.  The  verticsl  axis  shows  the  percent 
saturation  of  the  blood  by  oxygen,  the  horizontal  axis  shows  the  partial 
pressure  of  oxygen  in  the  blood.  In  blood  with  increased  levels  of  COHb, 
the  oxygen  dissociation  curva  is  shifted  to  the  left.  This  is  an 
indication  of  the  hemoglobin's  elevated  affinity  for  oxygen,  which  makes 
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tissue  oxygen  extraction  more  difficult.  Ibis  mans  that  increased 
levels  of  carbon  nonoxide  in  the  blood  compromise  both  the  transport  of 
oxygen  in  the  blood*  and  the  extraction  of  oxygen  to  the  tissues. 

The  ianediate  inpact  this  has  on  axereiae  perforaance  is  that  as  the 
concentration  of  COHb  in  the  blood  increases  there  is  a  decrement  in 

Insert  Figure  5  here. 

********************************************************************** 
maximum  oxygen  consumption  (Figure  5).  In  1975  Horvath  at  al.(9)  noted  a 
concentration  threshold  at  4.3X  CO  below  which  there  were  no  decrements 
in  maximim  oxygen  consumption. 

Other  effects  of  increased  levels  of  carboxyhemoglobln  are* 
decreases  in  peak  Ve  during  maximal  exercise ( 18) ,  decreases  in  maximal 
exercise  time(3,13),  decreases  in  exercise  time  before  the  onset  of 
angina(2)  and  an  increase  in  submaximal  heart  rate(18,4) 

Another  of  the  primary  pollutants  are  the  sulfur  oxides.  These 
compounds  are  the  result  of  incomplete  combustion  of  fossil  fuels. 
Approximately  98Z  of  all  atmospheric  sulfur  is  initially  sulfur 
dioxide(ll)  .  The  effect  of  sulfur  dioxide  is  to  transiently  increase 
the  resistance  to  flow  in  the  upper  respiratory  tract.  This  effect  is 
most  prevalent  in  asthmatics  but  doesn’t  significantly  decrease 
submaximal  exercise  performance  in  normally  healthy  Individuals.  There 
have  been  no  studies  at  this  time  that  have  examined  the  effects  of  SO2 
on  maximal  exercise(12) . 

Of  the  pollutants  in  the  nitrogen  oxide  family,  nitrogen  dioxide  is 
known  to  be  potentially  harmful  to  man  and  is  the  only  one  that  has  been 
extensively  studied.  The  sources  of  nitrogen  dioxide  are  high 


twpwtuw  combustion  proeuiU)  with  aotor  vehicle  exhaust  accounting 
for  about  40Z  of  tha  total  emissions (11).  Thera  have  bean  only  a  United 
nuaber  of  studies  concerning  nitrogen  dioxide's  effects  on  subnaximal 
performance  and  there  have  been  no  atudiea  addressing  the  effects  of  NOj 
on  wax Inal  exercise.  The  studies  of  subnaximal  exercise  have  shown 
nitrogen  dioxide  to  be  a  wild  upper  respiratory  tract  irritant*  but  no 
significant  effects  on  pulaonary  function  have  been  found(12). 

The  inhaling  of  particulates  from  soot*  cigarette  smoke*  or  dust  can 
serve  as  respiratory  tract  irritants  causing  bronchoconatriction(17). 
The  effects  of  these  irritants  on  exercise  have  not  been  studied  to  any 
extent  in  humans .  Particles  of  different  sises  exert  their  impact  at 
different  locations  in  the  respiratory  tract.  The  larger  particles  are 
filtered  out  by  the  nose  and  mucous  of  the  upper  respiratory  tract.  The 
smallest  particles  find  there  way  down  to  the  alveoli  where  their  action 
occurs.  The  body's  defends  itself  against  particulate  pollutants  by 
changing  the  depth  and  pattern  of  breathing*  and  by  increased 
mucociliary  transport (7 *17). 

Secondary  pollutants  are  lzg>ortant  because  they  evolve  from  the 
interaction  of  other  pollutants*  water*  salts*  and  ultraviolet  light. 
The  secondary  pollutants  include  osone*  peroxyacetyl  nitrate*  and 
various  aerosols.  The  most  important  of  these  is  ozone.  Ozone  is  formed 
by  the  interaction  of  oxygen*  nitrogen  dioxide*  hydrocarbons*  and 
ultraviolet  light.  The  production  of  osone  is  closely  tied  to  sunlight* 
and  consequently*  is  highest  just  after  midday(ll). 

Ozone  is  a  potent  airway  irritant  that  can  cause  reflex 
bronchoconstrictlon  at  high  concentrations.  Studies  of  submaximal 
exercise  with  exposure  to  ozone  show  that  the  problems  encountered  are 
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more  associated  with  discomfort  in  breathing  than  in  tha  physiological 
impairment  of  tha  exercise  process.  It  appears  that  there  is  no 
decrement  in  submaximal  exercise  performance  associated  with  osone 
exposure(12). 

Vith  respect  to  the  effects  of  osone  on  maximal  exercise  very  few 
studies  have  been  completed.  Savin  and  Adams (15)  found  no  change  in 
exercise  capacity  or  cycling  VOgmax,  associated  with  osone 
concentrations.  Horvath  at  el. (8)  exposed  subjects  to  different 
concentrations  of  osone.  They  found  no  significant  changes  in  treadmill 
VOgmax,  HRmax  or  maximum  performance  time  associated  with  the  different 
osone  concentrations.  The  evidence  regarding  osone  is  so  limited  that  it 
is  difficult  to  draw  concluaiona. 

The  primary  source  of  atmospheric  peroxyacetyl  nitrate  is  automobile 
exhaust.  This  compound  is  a  potent  eye  and  nose  irritant  and  is  often 
responsible  for  the  burning  eye  sensation  that  accompanies  exposure  to 
smog.  Again,  there  are  only  a  limited  nusiber  of  studies  available 
concerning  either  aubmaximal  or  maximal  exercise.  The  studies  that  have 
been  completed  cite  blurred  vision,  eye  irritation  and  eye  fatigue  as 
prominent  symptoms  of  exposure (5).  None  of  the  studies  have  demonstrated 
clear  evidence  of  respiratory,  mstabollc,  or  thermoregulatory  distress 
with  peroxyacetyl  nitrate  exposure  during  submaximal  exercise(12) . 
Studies  by  Raven  et  al.(13,14)  found  no  decrement  in  V(>2max  during 
peroxyacetyl  nitrate  exposure  of  various  concentrations.  These  authors 
speculate  that  the  maximum  concentration  of  peroxyacetyl  nitrate  used 
may  have  been  below  the  threshold  at  which  physiologically  meaningful 
changes  may  have  occurred. 
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Aerosols  srs  formed  by  ths  Interaction  of  various  acids  and  salts. 
The  aost  comnonly  studied  aerosols  are  ammonium  sulfate*  ammonium 
bisulfate*  and  ammonium  nitrate.  These  compounds  are  eye  and  upper 
respiratory  tract  irritants.  While  they  may  cause  discomfort  during 
either  submarine!  or  maxims  1  exercise*  they  do  not  appear  to  be 
conclusively  linked  to  exercise  performance  decrements (7). 

In  summary*  only  carbon  monoxide  shows  a  clear  decremental  effect  on 
maximal  exercise  performance.  Other  compounds  (i.e.  ozone*  SOg*  NOg  and 
peroxyacetyl  nitrate)  cause  irritation  of  the  eyes  and  respiratory 
tract*  but  there  is  little  or  no  evidence  that  they  cause  decrements  in 
either  maximal  or  submaximal  exercise  performance.  There  has  been  a 
genuine  lack  of  studies  dealing  with  pollutant  effects  on  exercise 
capacity  and  performance*  especially  those  that  have  adequate  sample 
sizes  to  detect  small  changes  in  performance.  While  it  is  not  clear  that 
some  pollutants  have  significant  effects  on  performance*  it  makes  sense 
to  treat  these  compounds  as  potential  problems  rather  than  ignore  them 
until  it  is  to  late. 

Training  in  smoggy  conditions 

The  key  Issues  to  be  considered  in  order  to  minimize  the  impact  of 
smog  on  exercise  training  can  be  sunned  up  in  four  words:  TIMING* 
LOCATION*  INTENSITY*  DURATION. 

Timing 

It  is  important  to  consider  the  timing  of  workouts  relative  to  smog 
build  up.  Some  pollutants  like  carbon  monoxide  (Figure  6a)  show  rapid 
increases  in  concentration  that  follow  the  times  of  peek  automotive 
traffic.  Although  there  is  some  seasonal  change  in  the  overall  levels  of 
carbon  monoxide*  the  main  changes  occur  during  the  course  of  each 
day(ll). 
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Insert  Figure  6  here. 

Other  pollutants  (i.e.  ozone)  depend  on  heet  and  ultraviolet 
radiation  from  the  sun  for  their  formation.  Figure  6b  demonstrates  a 
strong  build  up  of  ozone  in  the  early  afternoon.  The  seasonal  occurrence 
of  osone  is  well  known,  and  summer  ozone  problems  are  clearly  linked 
increases  in  the  duration  and  intensity  of  solar  radiation.  In  general, 
the  best  times  of  day  to  avoid  smog  are  the  early  morning  or  the  late 
afternoon(ll). 

Location 

This  may  seem  obvious,  but  athletes  should  make  a  conscious  effort 
to  avoid  exercising  near  a  pollution  source.  To  avoid  the  exhaust  of 
passing  vehicles,  run  on  the  upwind  side  of  the  road.  If  forced  to  stop 
at  an  Intersection  stay  away  from  the  exhaust  pipes  of  the  stopped 
vehicles.  If  necessary  stand  well  away  from  the  intersection  to  avoid 
the  higher  concentration  of  pollutants  that  occur  in  that  area.  Don't  be 
obsessed  by  trying  to  avoid  every  last  bit  of  pollution,  just  use  your 
common  sense.  Also,  be  aware  that  air  pollution  can  occur  in  indoor 
settings  as  well  as.  A  classic  example  of  this  is  a  case  in  which  a 
group  of  young  ice  hockey  players  suffered  CO  intoxication  at  an  indoor 
rink.  The  source  of  the  CO  was  a  gasoline  powered  ice  resurfacing 
machlne(l) . 

Intensity  and  Duration 

The  concept  of  effective  dose  is  important  to  understanding  the 
effect  of  intensity  on  exercise  performance  in  the  smog.  The  effective 
dose  is  the  product  of  the  concentration  of  the  pollutant,  the  volume  of 
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•it  breathed  per  ninute  (which  ie  e  reflection  of  exercise  intensity) 
end  the  duration  of  the  exercise(lO) .  While  ell  three  of  these  factors 
effect  the  pollutant  dose  during  a  workout  only  the  duration  and  the 
intensity  (ventilation  volume)  can  be  controlled  by  the  athlete.  . 

[POLLUTANT  CONC.]  X  (VENTILATION)  X  (DURATION)  -  EFFECTIVE  DOSE 

(A)  [1]  X  (6  liters)  X  (480  min)  -  2880 

(B)  [1]  X  (120  liters)  X  (30  min)  -  3600 

Equation  (A)  demonstrates  the  pollutant  dose  for  s  sedentary  person 
having  an  eight  hour  exposure  to  a  pollutant  of  a  concentration  of  1  and 
with  a  minute  ventilation  of  6  liters.  This  gives  an  effective  pollutant 
dose  of  2880  units.  Equation  (B) shows  the  results  of  this  person 
exercising  for  only  30  minutes  in  the  same  concentration  of  pollutants, 
at  a  ventilation  level  of  120  liters  per  minute  they  would  receive  an 
effective  dose  of  3600  units  or  125Z  of  the  sedentary  8  hour  dose,  in 
just  30  minutes.  It  is  easy  to  see  how  exercise  intensity  effects  the 
magnitude  of  a  pollutant  dose. 

Athletes  can  effectively  alter  the  "intensity"  of  their  workouts  by 
reducing  their  running  speed  or  by  dropping  the  number  of  repetitions 
and  sets  in  their  weight  workouts.  Use  the  s moggy  days  for  technique 
workouts  rather  than  for  the  intensive  body  building  workouts  that  would 
demand  high  ventilation  rates.  Also  weight  workouts  with  high  loads 
(1RM),  low  repetitions  and  long  rest  periods  between  sets  would  be 
appropriate  for  smoggy  day  training. 

It  is  also  inq>ortant  to  limit  the  duration  of  exposure  to  the 
polluted  air.  By  cutting  back  on  the  overall  length  of  exposure  and 
limiting  the  intensity  of  the  exercise  the  effective  dose  of  the 
pollutants  can  be  minimized. 
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Important  international,  lntarcollaglata  or  intaracholaatie 
competitions  ara  typically  hald  in  or  near  large  citiaa.  Five  of  tha 
laat  aavan  summer  Olympic  games  ware  held  in  cities  with  histories  of 
high  levels  of  air  pollution.  Unfortunately  the  athletes  cannot  control 
the  atmospheric  conditions  in  which  they  compete  they  are  stuck  with  the 
conditions  at  hand. 

For  some  sports,  tha  physiological  decrements  caused  by  smog 
exposure  may  not  be  substantial.  But,  for  those  sports  with  high 
metabolic  demands,  tha  impact  of  air  pollution  can  be  significant.  At 
the  highest  levels  of  competition  the  difference  between  victory  and 
defeat  is  often  a  tiny  fraction  of  tha  overall  performance.  These 
differences  of  performance  are  much  smaller  than  those  discernible  in 
most  of  the  air  pollution  atudias  conducted  to  date.  Unfortunately,  the 

I 

I 

sample  sizes  needed  to  detect  such  small  changes  in  performance  are  far 
larger  than  those  found  with  the  current  studies.  Studies  of  a  more 
epidemiological  nature  are  needed  to  more  fully  assess  the  impact  of 
smog  on  exercise  performance,  particularly  high  level  athletic 
performance. 

What  then  are  the  strategies  to  help  an  athlete  deal  with  competing 
in  the  smog?  First,  minimize  exposure  to  pollutants  en  route  to  the 
competition.  This  seems  obvious,  but  we  have  all  been  caught  in  a 
traffic  jam  with  the  windows  of  the  car  open.  Another  thing  to  avoid  is 
riding  with  someone  smoking  cigars  or  cigarettes  in  the  car.  Secondary 
cigarette  smoke  is  loaded  with  carbon  monoxide,  nicotine  and 
particulates,  all  of  which  have  detrimental  effects  on  health  and 
performance (11). 
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Secondly,  arrive  et  the  site  of  the  event  early.  This  ia  most 
important  in  sports  with  high  metabolic  demands.  This  is  to  allow  the 
■*«<"»■»  time  to  rid  oneself  of  carbon  monoxide  picked  up  while 
travelling.  The  time  needed  to  washout  50Z  the  CO  from  the  blood  ranges 
from  3  to  4  hours (11). 

When  you  get  to  the  competition  site  minimise  physical  activity.  By 
keeping  activity  low  an  athlete  may  cut  his/her  dose  of  pollutants  prior 
to  the  event.  The  intensity  of  warm  ups  should  be  as  low  as  possible. 

Last  but  not  least (  avoid  pollution  sources  while  competing.  Stay 
away  from  vehicles  on  road  race  courses.  Running  on  the  upwind  side  of  a 
busy  road  can  be  a  useful  strategy  for  coping  with  automotive 
pollutanta. 

Summary  i 

First,  pay  heed  to  the  weather  and  terrain  conditions  in  the  areas 
where  you  or  people  in  your  charge  will  be  exercising.  Evidence  shows 
definite  performance  decrements  only  from  carbon  monoxide.  It  is  quite 
possible  that  the  etudies  of  other  pollutants  (i.e.  NO2,  S02»  ozone, 
peroxyacetyl  nitrate,  etc.)  were  not  able  to  detect  the  small 

performance  decrements  that  may  have  been  caused  by  those  agents. 
Guidelines  for  training  in  polluted  conditions 

(1)  Minimise  the  Impact  of  air  pollution  on  their  training  by  cutting 
the  intensity  and  duration  of  their  workouts.  This  can  be  done  by  t 

(A)  Reducing  the  exercise  rate  (running,  cycling  or  rowing  cadence). 

(B)  Dropping  the  number  of  reps  and  sets  in  weight  workouts. 

(2)  Use  these  times  for  technique  oriented  workouts. 

(3)  Avoid  weight  workouts  (high  repetition,  moderate  weight,  low  inter- 
set  rest)  or  other  workouts  (Intervals,  race  pace  or  overpace  work)  that 
would  demand  high  ventilation  rates. 
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Strategies  for  competing  in  polluted  condition*. 

(1)  Avoid  exposure  to  pollutants  traveling  to  the  event  site. 

(2)  Arrive  at  the  site  of  the  event  early  to  allow  the  athletes  body  to 
rid  itself  of  as  much  CO  as  possible 

(3)  Minimise  pre-event  exercise  (including  warm-up  activity)  to  limit 
exposure  to  polluted  air. 

(4)  Avoid  pollution  sourcas  during  tha  avant. 
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